Polythiophene/ZnO (PTh/ZnO) nanocomposites composed of conducting polymer PTh were prepared by chemical polymerization of thiophene monomer using FeCl 3 as an oxidant and ZnO nanoparticles by reverse micellar method. The nanocomposites were also characterized using FTIR, SEM, TEM, and XRD. It was found that the electrical conductivity of the nanocomposites first increased conductivity of the nanocomposite first increased but later on decreased as the temperature increased. Electrical conductivity of nanocomposite containing polymer matrices and zinc oxide nanoparticles showed good stability in terms of electrical conductivity retention up to 110 C. Scanning electron micrographs showed globular particles and the presence of clusters of composite particles. Transmission electron micrographic (TEM) analyses revealed the particle size of the composite to be in the range 22-17 nm. Thermal analyses (TG/DTA) revealed the outstanding stability of PTP-ZnO composites compared to PTP. The conductivity of PTP and of PTP-ZnO composite was of the order of 10 −4 -10 −2 S cm −1 .
INTRODUCTION
Coating of inorganic particles by conducting polymers has become the most popular and interesting aspect of the composite preparation. A variety of different metal and metal oxide particles have been encapsulated into the core of conducting polymers giving a huge number of nanocomposites. [1] [2] [3] Although these conducting polymer composites possess promising electrochemical and photoelectrochemical properties. Mostly thermal, mechanical and spectral properties are usually reported in the literatures, since it is difficult to fabricate these composites in a form of composite layers on conductive substrates. Speciality polymers such as polypyrrole (PPY), polyaniline (PANI) and polythiophene (PTP) display outstanding conductivity and other interesting bulk properties, but suffer from processibility limitations due to their intractable nature. Much research attention has been paid globally to obtain processible dispersions of PPY and PANI in aqueous/nonaqueous solvents.
Nanocomposite materials have become one of the most extensively studied materials all over the world as they have shown to possesses several technological applications such as effective quantum electronic devices, magnetic recording materials sensors etc. Moreover nanocomposite materials composed of conducting polymers and oxides have opened more fields of applications such as drug delivery, conductive paints, rechargeable batteries, toners in photocopying, smart windows, etc. [4] [5] [6] [7] [8] [9] Conducting polymers provide tremendous scope for tuning of their electrical conductivity from semiconducting to metallic region by way of doping. These are organic electro chromic materials with chemically active surface. They are very chemically sensitive and have poor mechanical properties and thus possess a processibility problem. Nanomaterials show the presence of more sites for surface reactivity and possess good mechanical properties and good dispersant too. Thus nanocomposites formed by combining conducting polymers and inorganic oxides nanoparticles possess good properties of both the constituents and thus enhanced their utility.
Nanosized inorganic semiconductor materials have attracted considerable efforts in recent years. Zinc oxide is an interesting material which has been widely used in application such as UV protection, photo catalysis, filed emission displays, varistors, gas sensors, function devices, thermoelectric materials, etc. 10 due to its exceptional physical and chemical properties. Conducting polymer ARTICLE nanocomposite of PTh and zinc oxide nanoparticles can exhibit some novel properties. Recently, conducting polymer/metal oxide nanoparticle composites have been considered as a new class of materials due to their improved properties when compared with those of pure conducting polymer and metal oxide. [11] [12] [13] ZnO also finds a wide variety of applications in varistors.
14 A number of synthetic routes have been employed to synthesize ZnO nanoparticles, such as solgel chemistry, [15] [16] [17] [18] [19] spray pyrolysis, 20 metal-organic chemical vapour deposition, 21 22 cathodic electrodeposition 23 24 and plasma pyrolysis. 25 An important route to synthesize nanoparticles is by using microemulsions. A microemulsion system, which consists of an oil phase, a surfactant phase and an aqueous phase, is a thermodynamically stable isotropic dispersion of the aqueous phase in the continuous oil phase. 26 27 The preparation of nanocomposites of Polythiophene with inorganic nanoparticles is thought to be a potential route to improve the performance of PTh aiming to obtain the materials with synergetic or complementary behaviour between PTh and inorganic nanoparticles. Among the inorganic nanoparticles, zinc oxide (ZnO) has received great attention because of its unique catalytic, electrical, electronic, and optical properties, as well as their low cost and extensive applications in diverse areas. We believe that incorporation of ZnO nanoparticles in PTh may result in new material with useful properties.
In the present study nanocrystalline zinc oxide was prepared by reverse micellar method, and then its composite with PTh was prepared by in-situ chemical oxidative polymerization method. In present context, we have introduced a conducting polymer polythiophene in which nano scale filler of zinc oxide is embedded in the polymer matrix. Appropriate addition of nano particulates or nanoscale fillers to the polymer matrix and good dispersion of these fillers not only enhances its performance but also introduces new physical properties and novel behavior to the original polymer matrix. In the present study we have reported FTIR, UV-VIS, XRD, SEM and electrical conductivity studies of polythiophene/ZnO nanocomposites.
EXPERIMENTAL DETAILS

Reagents and Chemicals
The main reagents used for the synthesis were: thiophene (99%), chloroform (99% CDH India Ltd.), anhydrous FeCl 3 , cetyltrimethyl ammonium bromide (CTAB), 1-butanol, isooctane, zinc nitrate, ammonium oxalate and methanol. All other reagents and chemicals were of analytical reagent grade. A 4-in-line probe electrical conductivity measuring instrument (Scientific Equipment Roorkee, India) was used for measuring DC electrical conductivity. A hydraulic pressure instrument was used for making pellets of sample materials; Mortar pastel, magnetic stirrer and electronic balance were also required.
Synthesis of Polythiophene
Polythiophene was synthesized by taking a known amount of thiophene in a reaction vessel containing a magnetic stirring bar. It was mixed with 70 ml of chloroform. After stirring for 30 min, solid anhydrous FeCl 3 (1.9 g, 11.7 mmol) was added. It is important that FeCl 3 is added in the solid state and not as a solution. The molar ratio of FeCl 3 to thiophene was kept as 2:3. Polymerization was carried out for 24 h at room temperature. The dark-brown precipitate of polythiophene thus formed was collected by filtration and washed with CHCl 3 . The PTh was further washed with methanol to remove the residual oxidant. During the process, the colour changed from dark-brown to brown. The PTh powder was dried in a vacuum oven at 50 C for 24 h.
Synthesis of ZnO Nanoparticles
Zinc Oxide nanoparticles were prepared using the reverse micellar route. Microemulsions with cetyltrimethyl ammonium bromide (CTAB) as the surfactant, 1-butanol as the cosurfactant, isooctane as the non-polar phase and 0. were prepared. Microemulsion I contained 0.1 M zinc nitrate solution while microemulsion II contained 0.1 M ammonium oxalate solution. The weight fraction of various constituents in the microemulsion was 16.76% of CTAB, 13.9% of n-butanol, 59.29% of isooctane and 10.05% of aqueous phase. The two microemulsions were slowly mixed and stirred overnight on a magnetic stirrer. The precursor was separated from the surfactant and non-polar phase by centrifugation. The precursor was then washed with a 1:1 chloroform/methanol mixture to remove the surfactant and other impurities if present and dried in an oven at 120 C for 1 hr. The precursor was calcined at 450 C for 6 hr to obtain nanoparticles of ZnO.
Synthesis of Polythiophene/ZnO Nanocomposite
A known mass of ZnO was finely dispersed in a conical flask containing 30 ml of CHCl 3 A known quantity of PTh was then injected in the flask. The reaction mixture was magnetically stirred at room temperature for 3 h. The solution was centrifuged and the separated mass was thoroughly washed with methanol and water. The deep brownish-black mass was dried at 60 C under vacuum.
CHARACTERIZATION
Powder X-ray diffraction studies (PXRD) were carried out on a Bruker D8 Advance diffractometer using Ni filtered Cu K radiation. Normal scans were recorded with a step size of 0.02 and step time of 1 s.
Microphotographs of the original form of Polythiophene with surfactant were obtained by the scanning electron microscope (SEM) at various magnifications.
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TGA/DTA experiments were carried out on Perkin Elmer TGA/DTA system on well ground samples in flowing nitrogen atmosphere with a heating rate of 5 C min −1 . The results obtained from the TGA/DTA analysis were used to obtain the calcination temperature of the oxalate precursor (450 C).
TEM studies were carried out using a JEOL JEM 200CX electron microscope operated at 200 kV. TEM specimens were prepared by dispersing the powder in acetone by ultrasonic treatment. A few drops were poured onto a porous carbon film supported on a copper grid and then dried in air.
The FTIR spectrum of polythiophene and ZnO in the original form dried at 40 C were taken by KBr disc method at room temperature.
The electrical conductivity was measured by using four point probe method.
Sample (Pellet) Preparation
The dried sample materials were finely ground in a mortar pastel and then taken into a die with spatula. The pellets of different sample materials of Polythiophene/ZnO nanocomposite for electrical conductivity measurement were made at room temperature with the help of a hydraulic pressure instrument, at 25 KN pressure for 20 minute. Thickness of each sample was measured by micrometer at five different points and the average thickness was taken as the thickness of the pellet sample.
Instrumental Method for Measuring
Electrical Conductivity Four probe DC electrical conductivity measurements with increasing temperature for the representative samples of Polythiophene/ZnO were performed on pressed pellets by using a 4-in-line-probe DC electrical conductivity measuring technique.
The sample to be tested was placed on the base plate of four-probe arrangement and the probes allowed to rest in the middle of the sample. A very gentle pressure was applied on the probes and then it was tightened in this position so as to avoid piercing of probes into the samples. The arrangement was placed in the oven. The current was passed through two outer probes and the floating potential across the inner pair of probes was measured. The oven supply was then switched on and the temperature was allowed to increase gradually. The current, and the voltage was recorded with rise in the temperature.
Electrical Conductivity Measurements
Electrical conductivities of the pellets of Polythiophene/ZnO nanocomposite samples were determined from the measurement of conductivity of the samples using four-probe method of conductivity measurement for semiconductors.
After the measurements of current-voltage data by a four-in-line probe DC electrical conductivity, the measuring instrument was processed for calculation by using the following equation-
where is corrected resistivity (ohm cm), 0 = uncorrected resistivity (ohm cm), G 7 (W /S) is the correction factor used for the case of non conducting bottom surface, which is a function of W , the thickness of the sample under test (cm) and S, the probe spacing (cm); i.e.,
where I is the current (A), V is the voltage (V) and = DC electrical conductivity (S cm −1 ). Although the electrical conductivity was measured under ambient conditions, the composite samples were thoroughly dried before making the pellets and performing the electrical conductivity measurements. Hence, the contribution of protonic conductivity to the total electrical conductivity due to the presence of moisture should be minimum and need not to be taken into consideration.
Stability of Composite in Terms of DC Electrical Conductivity Retention
The thermal stability of the polythiophene/ZnO composite material in terms of DC electrical conductivity retention was studied under isothermal condition at 50, 80, 110 and 140 C measuring four-in-line-probe DC electrical conductivity at an interval of 15 minutes. The electrical conductivity measured with respect to the time of accelerated ageing is presented in Figure 9 .
RESULTS AND DISCUSSION
The XRD patterns of pure PTh, ZnO nanoparticles and PTh-ZnO nanocomposite are shown in Figure 1 . The diffraction patterns of the selected sample powder of ZnO nanoparticles and polythiophene/ZnO composite were obtained by scanning the samples at an interval of 2 = 0-60 at a rate of 2 /min. The XRD pattern of pure PTh [ Fig. 1(a) ] indicates the broad diffraction peaks at 2 values of 24.2 , which are attributed to amorphous nature of PTh. The XRD pattern of ZnO nanoparticles [ Fig. 1(b The average particle size (D) may be calculated for the selected samples by using Scherrer equation given below: where K is the shape factor for the average crystallite (expected shape factor is 0.9), is X-ray's wavelength for K , is full width at half maximum of the diffraction line, and is Bragg's angle.
As expected, the XRD pattern of the PTh/ZnO nanocomposite [ Fig. 1(c) ] exhibits the characteristic diffraction peaks of the ZnO and the broad diffraction peaks at 2 values of 24.2 due to PTh. It is important to note that the XRD pattern of PTh/ZnO nanocomposite retains the characteristic diffraction peaks due to ZnO. XRD pattern of zinc oxide nanoparticles and that of nanocomposites showed similar peak patterns. It may therefore be assumed that the presence of polythiophene did not cause any change in crystal structure of zinc oxide or caused negligible change which may be ignored.
SEM photographs of polythiophene, ZnO nanoparticles and polythiophene/ZnO nanocomposite obtained at different magnifications (Figs. 2(a)-(c) ) indicate the adhesion between two phases, i.e., inorganic material with organic polymer (polythiophene). The PTh exhibits a granular structure, while the morphology of the PTh/ZnO nanocomposite is characterized by the presence of large globules. The image of Figure 2 (b) demonstrate that a bulk quantity of plate-like or rod-like bunches exist. Each bunch is gathered of closely packed nanometer scale rods and forms radiating structures. The SEM pictures showed the difference in surface morphology of organic polymer, inorganic precipitate and composite material. It has been revealed that after binding/adhesion of polythiophene with ZnO particles, the morphology has been changed. In fact, such structure has been produced from ZnO NPs presence during the polymerization process and composite is a result underneath the polymer confirm formation of polymer composite.
The EDS spectra of pure polythiophene and polythiophene/ZnO nanoparticles are shown in Figure 3 . It can be seen that there are only two elements of C and S in Polythiophene in Figure 3(a) , while the peaks of Zn and O appear in Figure 3(b) , indicating that ZnO nanoparticles exist in the polythiophene. This further proves that the polythiophene/ZnO nanocomposites are synthesized successfully. As FeCl 3 is used as an oxidant in polymerization and Table I gives the element composite of Polythiophene and polythiophene/ZnO nanocomposite Transmission electron microscope (TEM) image (Fig. 4 ) of PTh/ZnO nanocomposite was obtained using JEOL JEM 200CX electron microscope. TEM image suggests that the particles of the nanocomposite are in nanometer range. This image reveals that the product consists of spherical particles with the average size of 22-17 nm which is in close agreement with that estimated by Scherer formula based on the XRD pattern. The TEM photograph showed that the ZnO particles were encapsulated in polythiophene successfully. It was in agreement with the X-ray diffraction (XRD) analytical results which indicated that the ZnO nanoparticles were well crystallized.
ARTICLE Fig. 4 . Transmission electron microscopy (TEM) shows the particle size of Polythiophene/ZnO nanocomposite.
It is clear from the thermogravimetric analysis (TGA) curve (Fig. 5 ) of the material that small amount of weight loss has occurred around 50 C, which may be due to the removal of external H 2 O molecules present at the surface of the composite. 28 Further weight loss between 50 and 150 C may be caused due to the slight conversion of inorganic phosphate into pyrophosphate. Slow weight loss of mass in between 150 and 750 C may be due to the slight decomposition of organic part of the material.
Thermal analysis of the sample has been carried out by using DSC in Figure 6 . The values of glass transition temperature (T g ), crystallization temperature (T c ) and the change in enthalpy ( H c ) have been calculated by using DSC curve. The values of T g and T c were found to be 50 C and 347 C respectively. The change in crystallization enthalpy has been measured by using the formula: Where K is the instrument constant, A is the area under the curve and M is the mass of sample under consideration. The value of H c is found to be 54 after calculation for 0.05 mg of the sample. and 1506 cm −1 corresponds to C O and O H bending vibrations respectively. Within the spectrum of PTh, there are several low-intensity peaks in the range of 2,000-3,000 cm −1 that can be attributed to the aromatic C H stretching vibrations and C C characteristic band at 1637.21 cm −1 . [29] [30] [31] [32] [33] The C S bending mode has been identified at approximately 660 cm −1 and indicates the presence of a thiophene monomer. 34 As expected, the spectrum of the PTh/ZnO nanocomposite [ Fig. 7(c) ] clearly exhibits bands attributable to both PTh and ZnO nanoparticles. In FTIR spectra of PTh and PTh/ZnO nanocomposite similar bands are observed between 500-4000 cm These composite materials contain two components i.e., organic polymer and inorganic. The inorganic component of the composite act as a dopant whereas organic components, polythiophene, is a good electronically conducting polymer. In general, a high electrical conductivity of conductive polymer is attained by dopant, which stabilizes the polaron and bipolaron states as counter anions. Thus, the DC electrical conductivity of composite material is due to the presence of sufficient amount of the conducting polymer. It is the electronic conduction contributed by the conducting components, i.e., polythiophene by the charge-transfer reaction between polythiophene component of the composite and doping agents, ZnO, respectively.
The variation of electrical conductivity ( ) of Polythiophene/ZnO nanocomposite samples prepared with Polythiophene and ZnO with increasing temperature (between 30 C to 200 C) were carried out. On examination, it was observed that the electrical conductivity of the composite samples decrease with the increase in the temperature and the values lie in the order of 10 −2 to 10 −4 S/cm for Polythiophene/ZnO nanocomposite i.e., in the semiconductor region. To determine the nature of dependence of electrical conductivity on temperature plots of log versus 1000/T(K) were drawn (Fig. 8) . It followed the Arrhenius equation like other semiconductors. 39 The decrease in electrical conductivity on incorporation of zinc oxide nanoparticles into the polythiophene may be attributed to the presence of zinc oxide nanoparticles (of relatively lower conductivity) which may also be expected to act as doping agent.
Electrical Conductivity Retention Under
Isothermal Ageing Conditions It was observed that the electrical conductivity is quite stable at 50 C and 80 C that supports the fact that the DC electrical conductivity of the composites is sufficiently stable under ambient temperature conditions. The electrical conductivity decreases with time at 110 C and 140 C. It may be attributed to the loss of dopant and chemical reaction of dopant with the material.
Isothermal study of the nanocomposite also suggests that the electrical conductivity retention is much better in the nanocomposite having zinc oxide nanoparticles. 
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The isothermal stability behavior of electrical conductivity, plots of / versus time is given in Figure 9 . In general, it may be observed that the electrical conductivity of nanocomposite containing polymer matrices and zinc oxide nanoparticles showed good stability in terms of electrical conductivity retention up to 110 C.
CONCLUSION
We have demonstrated a new morphology, nanometer particle sizes of spherical conducting polythiophene synthesized by chemical oxidative polymerization method and ZnO particles synthesized by reverse micellar method. Different structural characterization including electron microscope images and spectroscopy analyses data clearly indicated that the conducting polythiophene/ZnO nanocomposite were synthesized successfully by this novel route. The TEM and SEM results suggest the uniform distribution of zinc oxide nanoparticles in the nanocomposites. TEM photograph shows the particle size of the composite material within the range of 22.0-17.0 nm and therefore this material can be considered as nanocomposite material. FTIR studies also showed that there existed strong interaction between PTh and nanosized ZnO particles. Electrical conductivity study of the samples favours that PTh is mainly responsible for the electrical conduction. It is quite clear from the facts that the composite in a semiconductor lies in the range of 10 −4 to 10 −2 S cm −1 . It is also observed from isothermal technique of conductivity measurement that the material with respect to d.c. electrical conductivity is stable upto 110 C.
